Granulomatous inflammations in schistosomiasis mansoni are the result of T-cell-mediated reactions to soluble egg antigens (SEA) secreted by parasite ova. To study TDH effector cell function, a granuloma T-cell line was established from collagenase-digested liver granulomas of acutely infected CBA/J mice. Dispersed nonadherent granuloma cells were cultured with feeder layer cells and SEA or with feeder layer cells alone in alternate cycles for 32 weeks. The granuloma T-cell line was L3T4+ Lyt-1+. In vitro, the SEA-stimulated T cells showed proliferation and interleukin 2 production. One million T cells adoptively transferred SEA-specific footpad swelling, and 7.5 x 106 T cells adoptively transferred granulomatous hypersensitivity to injected ova or SEA-coated beads. Anti-L3T4 monoclonal antibody blocked the SEA-specific cell proliferation. Depletion of L3T4+ cells abrogated, while that of Lyt-l+ cells diminished the adoptive transfer of SEA-specific footpad swelling. These experiments demonstrate that the granuloma T-lymphocyte population contains TDH-type effector cells. Establishment of an SEA-specific granuloma T-cell line will allow the study of the effector functions of the hitherto uncharacterized intralesional granuloma T lymphocyte.
Schistosomiasis mansoni is a tropical helminthic infection characterized by granulomatous pathophysiology (31) . Parasite eggs disseminate in the tissues and secrete soluble antigens that sensitize the host and evoke a granulomatous inflammatory response (4) . The granulomas consist of lymphocytes, macrophages, giant cells, epithelioid cells, and eosinophils (24) .
Previous studies established that T lymphocytes play an important role in the development of the schistosome egginduced granuloma. Immunosuppressive drugs (11) , antilymphocyte serum (10) , monoclonal anti-L3T4 antibody (23) , and neonatal thymectomy (9) strongly inhibit granuloma formation. Moreover, athymic nude mice are deficient in mounting a granulomatous response (1, 27) . Lyt-1+ splenic TDH lymphocytes from acutely infected animals transferred granulomatous delayed-type hypersensitivity (DTH) to normal recipients (33) .
Examination of liver granulomas after collagenase dispersal showed that T lymphocytes constitute 10 to 15% of the inflammatory granuloma cells (6) . In cryostat sections of granulomatous livers, indirect immunofluorescence revealed that T cells are evenly dispersed throughout the granuloma (32) . Based on the above evidence, it is presumed that subpopulations of T lymphocytes initiate, maintain, and regulate the size of the granuloma. Yet nothing is known of the phenotypic profile or functional characteristics of the granuloma TDH cell. To gain insight into the character and functions of the granuloma T lymphocyte, a T-cell line has been established from the vigorous granulomas of acutely infected mice, and the cells were examined for phenotypic characteristics as well as TDH effector function.
MATERIALS AND METHODS
Animals and infection. Female CBAk mice (Jackson Laboratory, Bar Harbor, Maine), 7 to 8 weeks old, were infected * Corresponding author.
by subcutaneous injection of 25 cercariae of the Puerto Rican strain of Schistosoma mansoni.
Egg isolation and SEA preparation. Eggs were isolated from 200 cercaria-infected mice (8) . For soluble egg antigen (SEA) preparation, eggs were homogenized in Dulbecco phosphate-buffered saline (4) .
Culture medium. RPMI 1640 was supplemented with 2 mM sodium pyruvate, 19 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer, penicillin (100 U/ml), streptomycin (100 p.g/ml), 2 I-A' cells, the antibodies used for fluorescence were employed. T cells were incubated at 107/ml with the appropriate antibody at 4°C for 1 h, washed twice, and then incubated for another hour at 37°C with rabbit Low-Tox-M complement (diluted 1:10 in cytotoxicity medium; Cedarlane). Following depletions, the cells were washed twice, and viability was checked by dye exclusion.
Calculations and statistics. For proliferation assays, the change in counts per minute (Acpm) was calculated as mean cpm in stimulated wells minus mean cpm of control unstimulated wells. The standard error of the Acpm was determined by pooling the variances of control and stimulated means. Significance of differences between experimental and control groups was determined by the unpaired Student t test; P < 0.05 was considered significant.
RESULTS
Establishment and maintenance of the granuloma T-cell line. In murine schistosomiasis mansoni, the granulomatous response to parasite eggs is maximal between 8 and 10 weeks postinfection (3) . Therefore, the T-cell line was established from vigorous liver granulomas of 8-week-infected mice which were presumed to contain the maximum number of highly active TDH effector cells.
A previous granuloma T-cell line was established and was functional in vitro and in vivo. Initially the cells were functional in SEA-specific proliferation, endogenous IL-2 production, and the transfer of granuloma formation. However, after 6 weeks of repeated culture in the presence of exogenous IL-2, the line lost its functional ability. ( Phenotypic characterization of the granuloma T-cell line. The nylon wool-nonadherent cell fraction used to initiate the cell line contained 12% T lymphocytes and 70% eosinophils.
The T cells had an L3T4:Lyt-2 ratio of 3:1 and were I-A negative. They underwent blastogenic transformation after SEA stimulation, and they transferred granulomatous hypersensitivity to normal recipients. At the time of the first phenotypic examination of the line (3 weeks in culture), eosinophils were absent from the culture. The phenotypic profile of the cell line after 5 and 9 weeks of culture is shown in Table 1 . The longer the cells remained in culture, the more enriched they became for Thy-1+ cells which had a helper/effector phenotype (L3T4+, Lyt-1+). The ratio of L3T4+:Lyt-2+ cells increased to 30:1. Expression of all surface markers except I-A was stable over time. I-A expression continued to increase until 60 to 65% of the T cells were positive. Subsequently the cell line was examined every 4 weeks. The phenotypic profile observed at 9 weeks remained stable.
Functional characterization of the granuloma T-cell line. (i)
SEA-specific proliferation and IL-2 production. HIaving established the T-cell nature of the cell line, we wished to check its ability to specifically proliferate in response to an SEA stimulus (Fig. 1 whereas unstimulated cells did not spontaneously release IL-2 (<0.1 U/ml). After 10 weeks in culture, SEA-induced IL-2 production increased to 12.1 U/ml. Irradiated feeder cells cultured under the same conditions in the absence of T cells did not make any IL-2.
(ii) Passive transfer of dermal and granulomatous DTH. For in vivo function of the granuloma T-cell line, the ability of T cells to passively transfer dermal and granulomatous DTH was tested. For the elicitation of the former, 106 T cells were injected into the footpad of six normal recipients. Passive transfer of dermal DTH was antigen specific because the cell line could adoptively transfer SEA but not KLH sensitivity. The mean net swelling was 0.343 + 0.028 cm (standard error of the mean) for recipients of T cells and SEA and -0.009 ± 0.025 cm for recipients of T cells and KLH. The control group of mice injected with T cells and saline did not show appreciable swelling (0 + 0.033 cm). Feeder cells alone were unable to transfer dermal DTH to normal recipients.
For the transfer of schistosome egg-specific granulomatous sensitivity, we first established that 7.5 x 106 T cells was the minimum number required for a successful transfer. Therefore, this number of T cells was injected intravenously with eggs into normal mice to generate pulmonary granulomas. A group of mice received eggs alone to control for any primary sensitization. The granuloma T-cell line transferred granulomatous hypersensitivity to the schistosome egg; i.e., the lung granuloma area in recipients of T cells and eggs was significantly larger than that in recipients of eggs alone (Fig.  2) . Feeder cells injected under the same conditions were ineffective. To test the specificity of the transfer, T cells were injected with SEA-coated beads or control uncoated beads (Fig. 2) . The cellular reaction to the control beads was minimal. The mean granuloma area around SEA-coated beads was significantly larger than that around the control beads.
All functional activities of the cell line were tested at 4 to 5 weeks, 10 to 12 weeks, and 20 weeks after establishment of the culture. At other times, antigen-induced proliferation assays were done to ensure that the T-cell line was functional and retained antigen specificity.
Confirmation of effector function by blockade and depletion. The helper/effector T-cell profile of the granuloma T-cell line was also confirmed by functional assays. Two approaches were used: blockade of SEA-induced proliferation and specific depletion of T-cell subsets prior to adoptive transfer of DTH.
For the first approach, we tested the ability of antibodies directed against Lyt-1, Lyt-2, L3T4, and I-Ak to block SEA-specific proliferation ( Table 3 ). The most profound effect was caused by anti-L3T4. At higher concentrations, it suppressed T-cell proliferation below the background (no antigen added) level. Even at a dilution of 1:64 it still effectively blocked SEA-specific proliferation. Anti-I-A was also quite effective at blocking proliferation. Anti-Lyt-1 had no effect. At a 1:4 dilution, anti-Lyt-2 somewhat blocked proliferation of the cell line. At higher dilutions it had no effect.
In the second approach, granuloma T cells were depleted of Thy-1+, Lyt-1+, Lyt-2+, L3T4+, or I-A' cells by treatment with specific antibody and complement before adoptive transfer of dermal DTH (Fig. 3) . Anti-Thy-1 and anti-L3T4 depletions completely abrogated the transfer of DTH by the cell line. Lyt-1 depletion significantly diminished but did not abrogate the transfer. Depletions of Lyt-2+ and I-A' T cells had no effect.
DISCUSSION
It was previously shown that Lyt-1+ splenic cells adoptively transferred granulomatous DTH, produced migrationinhibitory factor, and were functional in the generation of in vitro egg granulomas (7, 12, 13, 33) . Moreover, an SEAspecific L3T4+ splenic T-cell clone was shown to specifically augment in vitro granuloma formation around SEA-coupled beads (21) . Infected mice treated with anti-L3T4 monoclonal antibody developed smaller granulomas and showed impaired IL-2 production (23). The accumulated data strongly implicated peripheral L3T4+, Lyt-1+ T lymphocytes as the TDH cells that initiate and maintain the schistosome egginduced granuloma.
In the present study we report the successful establishment of a long-lived T-cell line from the vigorous granulomas of acutely infected mice. The data provide information on the phenotypic and functional characteristics of the granuloma T lymphocyte. By immunofluorescence, the great majority of T cells displayed L3T4 and Lyt-1 markers. However, the presence in culture over many weeks of a low number of Lyt-2-' cells is noteworthy. (26) , may have contained antigens that had common epitopes with KLH and a 38,000-Mr schistosomulum antigen (17) . The granuloma T-cell lipe was functionally active in vitro as shown also by antigen-induced IL-2 production. The longer the line was maintained in culture, the better its endogenous IL-2 production becamne following SEA stimulation. This was not surprising since with time the cell line became enriched for L3T4+ and presumably for SEA-specific T cells. The granuloma T-cell line retained its effector function even after prolonged culturing, as demonstrated by the transfer of dermal and granulomatous DTH.
The effector function of the cell line was further confirmed by antibody blockade of SEA-induced proliferation and depletions of T-cell subsets prior to in vivo transfer of DTH. Both methods led to the conclusion that the granuloma TDH cell is L3T4+ and/or L3T4+ Lyt-l+. Anti-I-A monoclonal antibody blocked the SEA-induced T-cell line proliferation. However, this does not necessarily indicate that the T cells are I-A' since depletion of I-A' cells did not diminish1 the passive transfer of SEA-induced footpad swelling. Rather, it is assumed that anti-I-A antibodies blocked antigen presentation to the granuloma T cells. A similar blockade of antigen presentation by granuloma macrophages to splenic and lymph node cells of infected mice has already been demonstrated (14) . At higher concentrations, anti-Lyt-2 monoclonal antibody blocked the proliferation of the T-cell line, indicating that this subset also underwent proliferation. However, depletion of Lyt-2+ cells did not diminish the ability of the cell line to adoptively transfer dermal DTH. Therefore, the small percentage of Lyt-2+ cells within the cell line were not active as TDH cells in vivo, nor did they seem to exert suppressor activity.
For granuloma formation to occur, nominal antigens must be presented in the context of Ia or DR antigens present on the antigen-presenting cell membrane. Antigen presentation, along with the IL-1 signal, induces T helper/effector cell proliferation, inflammatory lymphokine secretion, and the recruitment of inflammatory cells that constitute the granuloma (2, 18) . Indeed, schistosome granuloma macrophages have been shown to present egg antigens in conjunction with I-A/I-E determinants and to secrete IL-1 monokine (14, 15) . Isolated liver granulomas were also shown to secrete in culture migration-inhibitory factor and eosinophil stimulation promoter-active lymphokines (5, 19) , a function attributable to intralesional T cells which constitute 10 to 15% of the total granuloma cell population. Thus, the accumulated direct and indirect evidence indicated that the schistosome egg-induced granuloma is initiated and maintained by TDH lymphocytes. The phenotypic and functional characterization of a lymphocytic line established from granulomas provides strong direct evidence that granuloma lymphocytes contain TDH-type helper/effector cells that expand under antigenic stimulus, produce IL-2 lymphokine, and generate dermal, as well as granulomatous, inflammations. Phenotypically and functionally, this granuloma T-cell line behaves like other T effector cell lines or clones that were established from mice or rats with schistosomiasis (21) , leprosy (20) , leishmaniasis (22, 28) , trypanosomiasis (25) , or experimental allergic encephalomyelitis (29, 30) . It still remains to be shown that the granuloma T cells produce inflammatory lymphokines.
The granuloma T-cell line includes synchronous, SEAspecific cells that retain their functional capacity in longterm culture. Hence, it allows more detailed studies of the inflammatory role of the granuloma TDH cell. Studies are under way to examine the dynamics of IL-2 receptor expression and IL-2 production by granuloma T cells following the antigenic stimulus and the interrelationship between IL-2 and inflammatory lymphokine production.
